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ABSTRACT 


Evidence of several different types has suggested 
that the gas-phase thermal decomposition of the l-pyra- 
zoline system proceeds by simultaneous cleavage of the 


ewowom Ne poncsmandaN climination ine the initial, rate-— 


2 
determining step to give a trimethylene intermediate. 

The evidence includes conclusions based on thermodynamic 
parameters obtained from kinetic studies and on secon- 
dary deuterium isotope effects. Theoretical calcula- 
tions based on trimethylene have contributed an explana- 
tion of the stereochemical observations. 

The intermediate is known to be a very transient 
species, but-the theoretical studies indicate that it 
should be capable of. concerted thermal addition to an 
olefinze bond’. 

3-(5'-Hexenyl)-l-pyrazoline was synthesized and 
Was subjected to pyrolysis to test the hypothesis that 
the intramolecular olefinic bond would serve as an effec- 
tive trap for the diradical intermediate. Analysis of 
the products showed that the trapping was not successful. 
Trapping products were not formed in detectable amount. 

It was concluded that the Act for the trapping o1 
the intermediate is more than 8.2 kcal mole7! higher 


than the AGt for closure of tramethylene to cyclopro-— 


‘bevesnyos ead eaqut JessiTEb Siivasee. ‘te aameb hat oy, 


-_ - 


aexyqnl #d9 5 noby sa0qmoneb inmtedts Stadg-nAe ape: an 
ado to suevedin auosaatiunire WW. sbesdoq@ medege satan 
| s6ger.,{ateind ant be vobisnimite ofl baw abret TD owe 
,atethonvecnt sngitvtitanit 2 outs ad cede eer = a 
2 oimaryoousert no peated croftartcna ate sgnsbive. ait. 
angpee no Hoe eethute at tad io) mote bertaddo Ann a 

7 s 
apinol ao feo tetosiT .emy7bicS. SGcjoel nus Bete rab. . 
senalqna nay Hotei Lasig aren: srsiiytiteminh so fsand’ 2Hoae : 
~ ,etorisyvrTseit isdimednosted2 sit ke woke 
ee ee su\.co3J mrom ef @etsibenig7ns eqT : 
tt sadd etartditi sethbcs Isyitoaead? epee , er beda. 
ge os Seisibbe jeipwoit’ Hateoutor *) Siosgeo ad biucdia- 
. . . » bogd o?aiteto.. 

bas bettaedamye <ow sailors ryq-l=( lymeeee'2)<e 
teyloty, oF bagoshdlve a 
. sgeTie nace ayise bluow bnod sinktslo talaoelqneriak an 


~ Gadd efesitorri! sit tees oe 


Ds v 


20 eisyienaA. sedetbosri6ds? Wao ibanch aid ‘10% qsi ; 


eislaseoows don 2Bw ambaqew? ong Sat bewauls. SSaubO mae cad 


wien e68aieesab ni boprt0' jon Stsw etoyboug igen? 


7 “= a - 


te guiqgers ais “OY "Da sits ted bebulonos aw oT. io 
: soeigit De ptom isd 3.4 nuit ronef Sdbvbhguirae dent 


pane, or at least 15 kcal mole71, 


ACKNOWLEDG 
ABSTRACT 
LIST OF TA 
LIST OF FI 
HISTORICAL 
THESIS PRO 
EXPERIMENT 
(A) 
(B) 
(C) 
(D) 


RESULTS 
(A) 
(B) 
CONCLUSION 
REFERENCES 
VITA 


TABLE OF CONTENTS 


EMENTS 


BLES 
GURES 


POSITION 

AL 

General Procedures 

Synthesis of 3-(5'-Hexenyl)-l-pyrazoline 
Syntheses of Authentic Samples 

Thermal Decomposition of 3-(5'-Hexenyl)- 


l-pyrazoline 


Synthetic Study 
Trapping Experiment 


S 


vi 


TABLE I 


TABLE IT 


TABLE IIT 
TABLE IV 


TABLE V 


TABLE VI 


TABLE VII 


TABLE VIII 


LIST OF TABLES 


Kinetic parameters from the 
thermolysis of l-pyrazolines 

Isotope effects observed in the 
decomposition of some azo compounds 
Nmr data 

Relative retention time data for the 
authentic sample mixture on SEH-30 
Relative retention time data for the 
authentic sample mixture on ,B'- 
Oxidipropionitrile 


Analysis of the authentic sample 


mixture for proportions of components 


Analysis of the thermolysis products 
Prony) —( 9 -nexeny.)—)-pyrazolime (29) 
on SE-30 

Analysis of the thermolysis products 
from 3-(5'-hexenyl)-l-pyrazoline (29) 


on 8 ,8'-Oxidipropionitrile 


poked 


Page 


Ad 


47 


Lg 


56 


oid 


Abbe 


LIST OF FIGURES 


Figure Page 
1 The Ti-type molecular orbitals of 
trimethylene is 
2 The geometric configurations of 
trimethylene Le 
3 hevelgscorrelation diasram for addition 
of ethylene to trimethylene 16 
Lb The highest occupied and lowest 


unoccupled molecular orbitals of a 


diene . i7 

Diagram of a Pyrex pyrolysis tube 39 
6 Mass spectra of some compounds in 

the synthetic scheme Lh 
qi Mass spectra of the compounds in 


the authentic sample mixture 5 


HISTORICAL 


Several investigations have been made into the 
mechanism of the gas-phase thermolysis of l-pyrazoline 
and its derivatives. A great deal of evidence has been 
accumulated by Crawford and co-workers to indicate that 
the pyrolysis of alkyl derivatives of l-pyrazoline 
proceeds via simultaneous homolytic cleavage of the 
two C-—-N bonds to give a nitrogen-free trimethylene 
intermediate. 

Mishra (1) synthesized a series of methyl-substi- 
tuted pyrazolines for thermolysis. The kinetic para- 
meters (Table I) show that successive methyl group sub- 
SuLueucrons Ol uns or G- Of J—pyrazoline- bring about a 


3 2 


decreasemin activation energy or £2252 0.2 kcal mole7+ 
per methyl. Thus the activation energies of 5, 6, and 
i are smaller than that of 2, while a further successive 
mednetaen is observed for 8 and 9. It was suggested 
by the authors that these data indicate that both C—N 
bonds are being cleaved simultaneously in the rate- 
determining transition state. 

A one-bond cleavage mechanism, heterolytic or 
homolytic, can be shown to be inconsistent with the 


data. A mechanism involving heterolytic cleavage and 


a dipolar transition state cannot explain the observed 


raple 41 


Kinetic parameters from the thermolysis of l-pyrazolines 


Compound Ea (kcal mole7t) Toews AS*, 6 (eu) 
at CS eh eee On en On ioeeed it. 2a O56 
a ily 


2 Cr OR mON Ey OT 5.70Rs OUI HOI 0.7 
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~ N=N 
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decrease in activation energy on alkyl substitution 
at C, and Cee For example, 5 and § would be expected 
to show similar activation energies, and in fact the 
overall order of reactivity in Table I is the reverse 
Of that. expected.forn aadipolarnsgtransitions state... A 
homolytic one-bond cleavage mechanism can be rejected 
Since... 10r example, 5 and 9 would be expected to show 
Similar Pe natior energies with the pre-exponential 
PaGuOrma wer ering. Only by awiacuor Of two. 

Further evidence against the homolytic one-bond 
cleavage mechanism is the observation during a control 
run that cis- and trans-3,5-dimethyl-l-pyrazoline were 
not interconverted. That is, apparently nitrogen is 
eliminated in the rate-determining step, and the inter- 
mediate is a hydrocarbon species. 

A great deal of information about reaction mech- 


anisms has been made available by the study of secon- 


dary deuterium kinetic isotope effects. Consider an 
ato oroup in witch the C-——-xX bondeis*undergoing 
stretching as the molecule moves along the reaction 
coordinate and is breaking at the rate-determining 
transition state. The @-hydrogen bending force con- 
Stant changes as the C—X stretching force ‘constant 
changes, and this leads to a measurable change in rate 
on Substitution of a deuterium atom for an @-hydrogen. 

A calculated value of kinetic isotope effect may 
be obtained, based on the geometry of the molecule 
and the values of the force constants and the atomic 
masses in the reactant state and the estimated values 
of quantities which are changed in the transition 
stateal2). 

Seltzer and co-workers (3) have gathered experi- 
mental data on the rates of thermolysis of various 
azo compounds, which may be correlated with calculated 
isotope effects, and have shown that at a site that is 
changing hybridization from sp in the ground state to 
sp in the transition state, each a-deuterium substi- 
EUuclOnmlesds wets l05°, COs le-1h% decrease in the rate 
Gu ceaclion.. “hus a comparison (3a) Of azo—-bis—a— 
phenylethane (10) with azo-bis-a-phenylethane-a,a'-d 


Z 


(11) showed an isotope effect k = 1.27 0.03 at 


10/*33 
105.28°. it was suggested that the isotope effect is 


ie a Me Me 
- Ph—CH—N=N—CH—Ph Ph-——CD—N==N—cD—Ph 


LO ube 


evidence that both C—N bonds are being broken simul- 
taneously in the slow step of the reaction. 

The study of less symmetric compounds provided 
further insight. The following compounds were syn- 


thesized: 
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1, K=H, Y=D 


In the study of the @phenylethylazo-2-propane 
series, the observed isotope effects were ky o/ky 3 = 


ti edWe is. iis SOs ile swasmbaken as at indica 


12/5, 
tion that the bond-breaking iS asymmetric; that is, 
while both bonds are undergoing breakage in the transi- 
tion state, the cleavage of the phenylethyl group is 
much more advanced than the cleavage of the iso-propyl 


group. The a-phenylethylazomethane case proved to be 


at the other extreme relative to azo-bis-a@-phenylethane. 


The observed isotope effects, ky 5/ky¢ Salas ky 5/k14 = 
0.94, 260 wo the conclusion that the phenylethyl group 
breaks away in the rate-determining step while the 
methyl group undergoes breakage in a second step. 
Halevi has reviewed secondary kinetic isotope 


effects (4), and has shown by means of the equation 
néAGt = RT1n k,,/kp, 


where n is the number of deuterium atoms on the carbon 
undergoing «change Ofehyorldigzation and gact is the free 
energy change per isotopic substitution, that A-deuter- 
ium kinetic effects commonly show dACGT values in the 
range 80-115 cal mole7l. 

The:work of Seltzer yields the following values 
Bi A erage "er forelo) elle 0. "and for elo, 
105 + 8 cal mole7!. These values fit comfortably 
Within the stated range and provide clearer evidence 
of bond-breaking in the transition state than the rate- 
constant ratios, since the sact values are temperature- 
independent. Some data, including rate constant 
ravilogeand sact values, found in recent reports of 
investigations of azo compound decompositions are 
Listed irmerable Ll. 

Crawford and co-workers have studied the rates of 


decomposition of several deuterated l-pyrazolines in 
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order to determine the magnitude of the kinetic isotope 
effect. The results have supplemented very well the 
conclusions derived from the kinetic parameters observed 
for the methylated series. Although the progressive 
decrease in activation energy on going through the 
series from i to 9 was suggested to be evidence for 
simultaneous two-bond cleavage, it was noted (6) that 
UErlonoLSsOspOssuple thatetnie = proerressiye inérease=in 
rate could arise from an increase in ground-state 
energy due to such See eal efrects aselso—-draxcial 
interactions, which are relieved in the transition 
State by the cleavage of one bond. The study of deuter- 
ium-substituted derivatives avoids this question by 
providing a predictable isotope effect without intro- 
ducing complications due to conformational effects. 
Deuterated pyreazolines synthesized for study include 
mae) 
Sy Be cis-3 ,4-dimethyl-l-pyrazoline-5,5-d, (20), and 


1-pyrazoline-3 ,3-d, (ke eel pyreercoltinie-~313 $y yo-d 


trans-3 ,4-dimethyl-1l-pyrazoline-5 ,5-d, (21) (7 FRe\The 
observed relative rates and the sAct vyauue se(Tab Lee) 
support the simultaneous two-bond cleavage mechanism. 
Further important evidence for simultaneous 
cleavage of the two C-—-N bonds in pyrazolines has been 
provided by Cameron (8) in his study of the thermolysis 


of 3-vinyl-l-pyrazoline (22) and 3-vinyl-l-pyrazoline- 


ih 


939-4, (23). It was expected that 22 would undergo 
thermolysis by a mechanism similar to that of Mishra's 
methylated pyrazolines. The observed activation energy 
fomethetreaction, was 32.2 kcal molet, which represents 
a decrease of 10.2 kcal mole7! relative to l-pyrazoline. 
This decrease was attributed to a contribution from 
allylic resonance energy, which was suggested to be 
Bcbane tonstabalize the transition state. The value 
LO® 2 keal mole7t, compared with the value 12.6 + 0.8 
keal mole7t Suggested as the value of the delocaliza- 
Evon enersy of the allyl radical (9), implies nearly 
complete delocalization of the electron in the transi- 
tion state (and thus nearly complete cleavage of the 
C5—N On Hiieudewtransi clon state). 

The deuterated derivative £3 was synthesized and 
thermolyzed in order to provide evidence which would 
allow a choice in this very unsymmetrical pyrazoline 
between a simultaneous or a sequential bond scission. 
Piemubeumolys1S sot £3 showed sact a (RE Mek ele wide Une) 
which is lower than those observed in the decomposition 
of other azo compounds (Table II). The interpretation 
suggested for the results was that while both bonds are 
undergoing cleavage in the transition state, the O7_N 


bond rupture is in advance of the ool bong Srupuure 


Additional evidence that the slow step involves Ny 


elimination to provide a hydrocarbon intermediate has 
been provided by Mishra's kinetic and product studies 
(la) on the thermolysis of 4-methyl-1-pyrazoline-4-d, 
(2h). It was expected that the isotopic substitution 
would not greatly affect the rate of elimination of 
nitrogen or “of cyclopropane formation from the inter- 
mediate, but would be apparent in the rate of formation 
orsOlerin, since a hydrogen shift is required. The 
results confirmed the expectations when it was found 
that the kinetic isotape yettectmwas smal wa 707-7007) 
while the mechanistic isotope effect was large (1.80 tf 
OnUS)% 

A clue relative to the structure of the interme- 
diate is Supplied by the work ofeMushrag(djeeanehis 
study of the isomeric cyclopropanes from the thermoly- 
sis of 6 and 7. Each of these pyrazolines gave cis- 
and trans-dimethylcyclopropanes (25 and 26, respectively) 
as the major products, and in each case the major cyclo- 
propane isomer was found to be that of opposite stereo- 
chemistry (Scheme 1). This indicates that the two 
radical centers in the intermediate are not free of 
each other's influence. The formation of products 
was explained via an intermediate with the hydrogens 
or substituents on the terminal methylene groups in 


the plane defined by the three carbon atoms, with the 
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Scheme 1 


lobes perpendicular to the plane. Such an interme- 

diate can exist as a singlet species in one of two sym- 
metry states, the symmetric state 27 or the antisymmetric 
state 28* (Figure 1). The major products from 6 and 7 


can be: explained as having arisen by a conrotatory mode 


VEN ISL 
Oy ) 


27 28 


Figure 1 


The w-type molecular orbitals of trimethylene 


* The symmetry operator used here is the mirror-plane 
that passes through the carbon and two hydrogens of the 


cCOnUca me meulyLeneesroup;, «thus 27 le Ss, and 26 is A. 


1h 


of closure of 28. Also, species 28 is the state which 
is predicted for the trimethylene intermediate by the 
app Ieica ti orotmaheitorbivalvsymmetry mulkesitor electro- 
cycli erranshouma tions: o(eds)t. 

Theoretical calculations on the trimethylene 
species carried out by Hoffmann (12) using the extended 
Huckel molecular orbital method have helped to explain 
the geometrical and electronic features of the inter- 
mediate. Hoffmann investigated the total See of 
the species with respect to the three most important 
degrees of freedom, the central C-—-C-—C angle and the 
yocabivons.om leach jot i thesberminis.out. of thesplane. 

The three limiting geometric configurations which were 


studied were defined as shown (Figure 2). 


Figure 2 


The geometric configurations of trimethylene 


On the ground configuration potential surface the 
most stable point was found to be, as might be expected, 
a simply opened cyclopropane (i.e., the 90,90 geometry) 
with a small central angle. A subsidiary minimum was 


found for the 0,0 geometry with a central angle of 
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approximately 125°. The easiest passage from the valley 
of this intermediate to the deeper cyclopropane valley 
Ls) Viawawconrotatory motion of the termini. 

The excited configuration was found to have a 
very different potential surface. The result is that 
the excited configuration is a very loose molecule with 
no barriers to rotation of the termini, and with the 
central angle ranging between 100° and 130°. 

Considering the electronie Levels, 2/ and 28, 
Hoffmann found that the A level is lower than the 8 
by sapproximacely 0.55 eV. Thusewas.attribuged to a 
hyperconjugative interaction between the central 
methylene and the termini, which destabilizes the S 
level, leaving the A level unaffected. 

nus tne stheoretical calculation. ot the sround 
state properties may be seen to blend extremely well 
with the properties deduced for the intermediate from 
Mishra'ts work (1). The stable 0,0 geometrical configura- 
tion is the configuration which was deduced, and the 
calculated order of the electronic energy levels is 
CONSISvciu Wiuh the Observed preterence Tor conrotatory 
closure to cyclopropane derivatives. 

Ltesuesealso noted by Hortmann (12) that the order 
of the electronic energy levels implies that the tri- 


methylene species is an "antiethylene". Thus the con- 
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certed thermal addition of trimethylene to olefins is 


allowed (Figure 3). 


Figure 3 
Level correlation diagram 


for additionrof ethylene to, trimethylene 
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THESIS PROPOSITION 


The mechanism proposed by Mishra and Crawford (1) 
for the thermolysis of l-pyrazolines involves an inter- 
mediate having its highest occupied molecular orbital 
(HOMO) antisymmetric, 7s) 5 and the lowest unoccupied 
molecular orbital (LUMO) symmetric, 27. 

NY 
) O 


28 Za 


~~ ~~ 


Consequently the system is analogous to a diene 
in the symmetry of the HOMO and LUMO, and the trimethy- 
lene is expected to act as a "diene-like" species or 
Nantiethylene" (12), undergoing concerted addition to 


olefins. 


Figure 
The highest occupied and lowest unoccupied 


MoOvecitereocUlLoalosor a4 dLene 


PiesezscesO. Pinemclosure. Dy rOtatlon Of the ter 
mini, to cyclopropane makes the trimethylene species 
a very transitory one, with a lifetime in the order 
of 10719 second. It is therefore highly unlikely 
that any intermolecular trapping reaction will succee 
An intramolecular trapping experiment has a much 
greater chance of success, since it is entropy- 
favored. A pyrazoline with an olefinic bond suitably 
located within the molecule to act as a trap is 


required (Scheme II). 


ine NAA (is) 
ee wag ak 2% 
N—N tes ‘ 


Scheme II 


An examination of models indicated that a chain 
of four methylene groups between the pyrazoline ring 
and the olefinic bond would be the chain length most 
PikelyatOuuring the oletinic bond into a favorable 
position for trapping. Because of this and because 
the cis- and trans-perhydroindanes which would be 
produced are known to be stable, we have chosen to 
synthesize this pyrazoline for the experiment. 

The synthesis and thermolysis of 3-(5'-hexenyl)- 


l-pyrazoline (29) as a test of the trimethylene hypo- 
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thesis is the subject of the remainder of this thesis. 


Noon 
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EXPRRIMENTAL 


(A) General Procedures 

Ad bomlanespointseare uncorrected. 

Analytical gas chromatography (gc) studies were 
carried out on an F & M model 500 programmed tempera- 
ture gc with a Minneapolis-Honeywell strip chart recor- 
der, on a Varian Aerograph model 1200-A programmed 
temperature gc with a Hewlett-Packard 7127A strip chart 
recorder; or on a Perkin-Elmer model. 900 ge with a 
Hewlett-Packard 7127A strip chart recorder and a 
Hewlett-Packard model 3370A integrator. 

Preparative gc studies were carried out on an 
_Aerograph model A-700 ge with a Leeds and Northrup 
Speedomax H strip chart recorder and on an F & M model 
(OOME Cr 

Infrared spectra were obtained from a Perkin-Elmer 
337 grating infrared spectrophotometer or a Perkin-Elmer 
Lh2l grating spectrophotometer. The uv spectra were 
recorded on a Perkin-Elmer 202 uv-vis spectrophotometer, 
the nmr spectra on a Varian Associates A-60 spectro- 
MEGEr . 

Mass spectroscopy studies were carried out on 
an AEI MS-1l2 mass jal femasitiaee, whose ion source was 


directly coupled by means of a Watson-Biemann helium 


7 | 


separator to a Varian Aerograph model 1200 gc. High 
resolution mass spectral analyses were obtained using 
an AEI MS-9 mass spectrometer (70 eV, heated inlet). 
Thin layer chromatography (tlc) analyses were 
obtained using 75 mm-long glass slides coated with a 
slurry of Merck Silica Gel G in water. Development 
of the finished plates was carried out by drying ona 
hot. plate followed by spraying first with a 15% (v/v) 
Solution, Ob culiuriceactceinectiandleandsthen with ay1% 
solution. of vanillinjpan methanol, followed by heatang 
on a hot plate. In the test the data are reported as 


Pol fows:, solvent «mixture, Ras COLOMO] Spot. 


(B) Synthesis of 3-(5'-Hexenyl)-l-pyrazoline 


PeveauyouOluriumy chloride (30) ps leteahydro- 
furfuryl.alcohol was allowed to react with thionyl 
chloride and pyridine according to the method of Brooks 
Soo woh Ooms oy lie productuswaced loi Led at ela © 
CLEECORE) frees (CUBR Rojee ek ARETE corr)| : 

4-Penten-l-ol (ah) Letranvyeroiuriury chloride 
was allowed to react with a suspension of powdered 
sodium in ether according to the method of Brooks and 
enycer (lgga, The product) was distilled in 87% yield: 
Doe oko? [ ait. LS one 134-1379] . 


5-Chloro-1l-pentene (oe) h-Penten-l-ol was con- 


(Me 


verted to the chloride by the same method as was used 
Fosethemconversion of tetrahydrofurfurylealcohol*to 
tetrahydrofurfuryl chloride!(13)¢ The product was 
obtained in about 70% yield*: bp 100-104°[ 1it. (14) 
bp 104-105° }. 

Diethyl a-(4-pentenyl)malonate (33). The proce- 
dure was based on that of Vogel (15) for the condensa- 
tion of diethyl sodiomalonate with n-butyl bromide. 

The apparatus consisted of a one liter three neck flask 
equipped with a dropping funnel, a reflux condenser and 
a magnetic stirring-bar, all oven-dried and flushed 
with nitrogen. A nitrogen bubbler was used to main- 
tain a nitrogen atmosphere in the apparatus during the 
reaction. Sodium (12.2 gm, 0.52 mole) was dissolved 
WLU Solon in 5O0emh drysethanol, freshly distitiled 
from Cal, . The sodium ethoxide solution was cooled 

to room temperature and then was stirred rapidly while 
freshly distilled diethyl malonate (85.0 gm, 0.53 mole) 
was added over a 15 min period from the dropping funnel. 
5-Chloro-l-pentene (52.5 gm, 0.50 mole) was then 

poured into the dropping funnel. A small amount was 


run into the flask, and the solution was heated gently 


* The yield varied widely for reasons which were not 


readily apparent. 
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in an oil bath until the appearance of a precipitate 
of sodium chloride showed that the reaction had started. 
Then the remainder of the chloride was added, drop- 
wise, over a 30 min period, while stirring was continued. 
After the addition was complete the reaction mixture 
WoaseOnouehy GO Trellux. Slirring Under rellux was 
Conti nveus Or a curuner 2 ie. ano, Uiem Mose OF 
Enevechancl. was clowly distalled=cur. The reactyvon 
mixture was cooled and filtered to remove the sodium 
chloride. Water (150 ml) was added to the filtrate, 
and the crude product was separated from the aqueous 
phase in a separatory funnel. The product was washed 
well with water, dried (Na,80)) and concentrated on 
a rotary svaporavor. Distillation gave 66. em (775%) : 
be 90-95° "(i torr) Gees (LG) Mbp el [0-18 Gor Gly: corr)] ; 
tlc, 10% methanol in benzene, 0.70, blue-black. 
6-Heptenoic acid (34). This acid was prepared by 
hydrolysis and decarboxylation of diethyl a-(4-pentenyl) 
malonate by a procedure based on that of Vogel (17). 
The hydrolysis apparatus consisted of a two liter three 
neck Tlask equipped with a mechanical stirrer, a drop- 
ping tunnel*and a rerlux condénser. A’ solution of so- 
dium hydroxide (175 gm, 4.40 moles) in 300 ml ethanol 
containing 30 ml water was placed in the flask. The 


ester (260 gem, 1.34 moles) was added slowly from the 


eh, 


funnel. Very strong stirring was necessary because 
of foaming. The mixture was heated on an oil bath to 
maintain gentle reflux during the addition of the 
ester. When the addition was completed the ethanol 
Wooedret led slowly trom the flask until 1/70 ml had 
been collected (boiling range 73-79°). The solution 
of the diacid salt was then cooled to room temperature 
and ice was added. An ice-cold solution of sulfuric 
ecao (2260. 9m. 2.21 moles) an 250 ml water wes then 
added carefully, with stirring. Water was added to 
Gissolve Unie precipitate. and the .product was extracted 
Gioromahiv witisether. ~The combined ether extract 
was washed with water, dried (Na,SO, ) ange COncentreetec. 
Cle oerOcar ys eyomoralOr until the product’ solidirtied. 
The diacid (wt 219 gm) was decarboxylated, without 
any further purification, by heating on an oil bath 
Gos L>USein cone liter Tleask equrpped.withn Aa masneuic 
stirrer and a Claisen distallines head with an air 
condenser. Approximately 20 ml of low-boiling material 
distilled quickly (temperature 35-85°; ether, ethanol, 
me cor) ge lie, GecarbOxylabilon wasecontanued for four hr 
at 155-160°, and then a clean distilling head, conden- 
Sen, end Peceiver were attached to the flask while the 
jel DaLowecoleu.s Lie wproduch was distil led directly, 


giving 132 gm (90% for two steps) of 6-heptenoic acid: 


a) 


Del 2 ele oe LS on) [1it. (CAS Toye er Uae ora) 
(18) bp 118-120° (10 torr), (19) bp 70-72° (0.5 con) |e 
tlc, 10% methanol in benzene, 0.55, orange-brown. 


6-Heptenoy] chloride (35)... Thionyl chloride and 


6-heptenoic acid were allowed to react according the 
the procedure of Vogel (20). Freshly distilled thionyl 
chloride (139 gm, 1.17 moles) was poured into a one 
liter three neck flask equipped with a 250 ml dropping 
funnel, a refluxecondenser, -awmagnetic stirring-bar and 
a drying tube. A bubbler was connected to the drying 
tube to aid in determining when the reaction was fin- 
ished. While the solution was stirred, the acid (130 
em, 1.02 moles) was added, dropwise, over a period of 
one hr. After the addition was complete the tempera- 
ture of the Solution was raised slowly while stirring 
was continued. Over a period of 30 min the tempera- 
GuLe Waco raised 10, 55°.  Fvolutaon or was ceased at 
tMAteapormo. end tne Ssolucion Wace cooled and distilled. 
The excess thaonyl chloride was removed by gradually 
lowérines the pressure before vacuum distillation of the 
acyl chloride. The yield was 141 gm (94%): bp 73-77° 
(18 torr) ee. Cie peop Ol ome (torm )uc( 21) s bono 9e 
(by worm Lo) bp 30-35%) (1. Soul nmr, see Table IIL; 
tlc, 10% methanol in benzene, 0.80, brown; 14% ethyl 


acétavesin pentane 0.65, oranges. 
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Ethyl. 2-Acetyl-3-oxo-8-nonenoate (36). The con- 
densation of 6-heptenoyl chloride with the magnesio 
derivative of ethyl acetoacetate was carried out 
aecordine bo thes procedureso:. Viscontini, (22). <A 
three liter three neck flask was equipped with a mech- 
Srvcaiees cir cer ard) Oppine® tutrne ll, a retlux condenser, 
a drying tube and a magnetic stirring-bar, all of which 
had been oven-dried. The apparatus was flushed with 
nitrogen, and 27.8 gm (1.15 moles) magnesium turnings 
were place in the flask after having been washed with 
dry ether. Absolute ethanol (133 gem, 2.88 moles) was 
added in portions (0.5 ml oes was used to start the 
reaction) from the dropping funnel. Ether was then added 
at intervals to wash the magnesium surface in order to 
induce the reaction. Stirring was only intermittent, 
SCrvligeevolaglualel tne mMuxturcesiicilly..@ALTCers ten hr. 
500 ml ether had been added, and the reaction was essen- 
tially complete. Another portion of 500 ml ether was 
added, and the mixture was gently stirred overnight. 

Piece Mma KGURe  Wacmuben scOOledmyo Of anean iceybath, 
and an ice-cold solution of ethyl acetoacetate (128 
em, 0.98 mole) in 200 ml ether was added from the sep- 
aratory funnel over 45 min. After an additional hr 
Of Stirring, the reaction mixture was .cooled to -10° 


in an ice-salt bath, and a cold solution of 6-heptenoyl 
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chloride (140 gem, 0.96 mole) in 150 ml ether was added 
dropwise while the reaction was stirred vigorously with 
a mechanical stirrer. The temperature was held between 
-10° and -5° during the addition and then was allowed 
to warm Slowly to room temperature with continued stir- 
iby ada 

A 10% excess portion of ice-cold dilute sulfuric 
acid was added carefully to the mixture, and the ether 
phase was separated and washed. The aqueous phase was 
thoroughly extracted with ether (6 x 100 ml), and the 
combined ether solution was washed with saturated 
aqueous NaHco., and then with saturated aqueous NaCl 
solution and with water, was dried (Na,SO,), concen- 
trated and distilled. The amount was 180 em. (78%): 
Spege-0 (27 (0.1 corr) enmr. see Table lil: tlc, 10% 
methanol in benzene, 0.65, blue-green; 14% ethyl acetate 
in pentane, 0.80, olive green; 15% acetone in Skelly B, 
0.55. No analysis was obtained, as the compound was 
di fiacuLe.to-purity. 

Methyl 3-Oxo-8-nonenoate (37). Ethyl 2-acetyl- 
3-oxo-8-nonenoate was saponified according to the pro- 
cedure of Hunsdiecker (23). <A two liter three neck 
flask was equipped with a dropping funnel, a reflux 
CONdeNnSer, a magnetic Stirring—-bar and a drying tube, 


all of which had been oven-dried. Sodium (20.4 em, 
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0.89 mole), in pieces, was dissolved in 700 ml dry 
methanol in the flask. The cooled solution was stirred 
rapidly while 178 gem (0.74 mole) of ethyl 2-acetyl-3- 
oxo-&-nonenoate in 150 ml dry methanol was added from 
Phesdroppinesfunnel y= = otirrings*was¥convinued {or rour 
hr at room temperature, and then a 10% excess portion 
of ice-cold dilute sulfuric acid was added. Water was 
added to dissolve the precipitate, and the product 
B=keto ester was extracted with ether (6 x 125 ml). 
The combined ether solution was washed thoroughly, 
neutralized with saturated aqueous NaHCO, , then washed 
with saturated aqueous NaCl solution, water, dried 


(Mgso concentrated; “and distilled; yielding 113 om 


ae 
(83%) of methyl 3-oxo-8-nonenoate: bp 70° (0.07 torr) 
[ait. Ganieope95-—L0Z2 BO. torr)] ; nmr, see Table III; 
tlc, 10% methanol in benzene, 0.80, yellow-brown; 14% 
ethyl acetate in pentane, 0.55, yellow-green; 15% 
aCecOncm neoKelLyen MOsSO,punple. 
7,9-Dihydroxy-l-nonene (38). Methyl 3-oxo-8- 
nonenoate was treated with lithium aluminum hydride by 
aimethnodvanalLofous tte thateom Wore (2/ePe" fh two iter 
three neck flask equipped with a mechanical stirrer, 
reflux condenser and dropping funnel, all oven-dried, 


was fitted with a nitrogen bubbler and flushed with 


nitrogen. Powdered lithium aluminum hydride (10.6 gem, 
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0.27 mole) was dissolved in 700 ml dry tetrahydrofuran 
in the flask, and a solution of methyl 3-oxo-8-nonenoate 
(50.0 gm, 0.27 mole) in 150 ml dry tetrahydrofuran was 
added at a rate sufficient to maintain gentle reflux 
whale the solution iwas stirred.» The addition required 
90 min. An oil bath was used to maintain reflux temper- 
ature for an additional two hr. The workup was carried 
out as described by Miéovié and Mihailovié (25). The 
reaction mixture was cooled and stirred in an ice bath 
and decomposed by dropwise addition of water, 15% 
NaQOH@andsmore jwater.sp,Atten) 2O-minsiurther stirring, 

the mixture was vacuum filtered using a sintered-glass 
filter. The precipitate was washed with four 50 ml 
portions of ether, which were added to the filtrate. 

The organic solution was then concentrated on the 

rotary evaporator to remove the tetrahydrofuran. Ether 
(500 ml) was added to the crude product, and the solu- 


tion was washed to neutrality, dried (MgSO, ), concen- 


trated and distilled. The yield of ie diol was 
23.4) sem OO%spure by @ceanadysas, 50% yield):. bp.80° 
(OL OGptorr)sa nmr, see.Table £11; mass spectrum, see 
Pugure 6402 14,46 200-3500 em7 (hydroxyl), 3090 cm71, 
(olefinic C—H), 1655 cm71, (olefinic C=C), 920 and 
995 cm71 (vinyl); tlc, 10% methanol in benzene, Doe, 


purple-black; 14% ethyl acetate in pentane, 0.10; 154 
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SCeCONeminoore yep a 0ecO, Lack. 

7,9-Dichloro-l-nonene Coe The method of Hooz 
(26) was employed for the conversion of 7,9-dihydroxy- 
l-nonene to 7,9-dichloro-l-nonene. A 200 ml three 
neck flask was equipped with a 50 ml dropping funnel, 
a reflux condenser, and a magnetic stirring-bar, all 
oven-dried. A nitrogen bubbler was attached, and the 
apparatus was flushed with nitrogen. Freshly distilled 
tri-n-butyl phosphine (37.4 gm, 185 mmoles) was poured 
TNvOwUNewCropoMieetinne |. andsausoluvaon. Om dol (12.8 
enee Slenmolles)=an carbon tetrachlorade: (40) mi) was 
poured into the flask. The flask was immersed in a 
water bath to help moderate the temperature (the 
reaction is extremely exothermic), and the solution 
was stirred rapidly while the phosphine was added over 
SeUCrLOdeOt sj Ustine  oolrrineywass cOnbinued tor 90 (min 
at room temperature, and the chloroform and carbon 
tetrachloride were distilled through a 20 cm Vigreux 
column. | 

DrscuiwllaGronmOie Lhemproducteate thas ipoint did 
HOteonVeeCLedneduUch Orde. ss Aecarerul fractionation 
always left the product contaminated with a large 
amount of material with a much longer retention time 
on the gc column (10' x 1/8" 10% SF-96 on Chromosorb 


W). This was probably tri-n-butyl-phosphine, and/or 


Bas 


tri-n-butyl phosphine oxide. 

Column Pera was used for the isolation 
of pure 7,9-dichloro-l-nonene. Addition of pentane to 
the concentrate of the reaction mixture (after removal 
of chlorotorm and carbon tetrachloride) caused separa- 
Plone wawlarse amount of thick syrup. This was 
thoroughly extracted by stirring with pentane, and the 
decanted pentane solutions were combined and concen- 
trated. The crude product was chromatographed on 
Fisher alumina, and the pentane eluate was concentrated 
to give pure 7,9-dichloro-l-nonene in about 60% yield: 
Dpgoo= 7 = (0. ts torr) + nm. sea Table Lilt > mass -spec- 
trum, see Figure 6; ir, 3080 emt (olefinic C—H), 
1645 em7+ (olefinic C==C), 995 and 915 cm7! (vinyl); 
tlc, 10% methanol in benzene, 0.95: 14% ethyl acetate 
in pentane, 0.90. 


3-(5'-Hexenyl)pyrazolidine (40). The pyrazolidine 


was produced by the reaction of hydrazine with 7,9- 
dichloro-l-nonene in ethanol solution, analogous to 
tie mecwouso. Mishra (i). A 100 mi *chres neck flask 
with a reflux condenser, a dropping funnel, a magnetic 
stirring-bar and a nitrogen bubbler was flushed with 
nitrogensaaes solution of 95% hydrazine (4.25 gm, 125 
mmoles) in absolute ethanol (30 m1) with approximately 


foie CHelvi A Was out red Vigorous y in the flask at O-5°, 


ys 


while a solution of 7,9-dichloro-l-nonene (8.0 gm, 41 
mmoles) in absolute ethanol (10 ml) was added from the 
funnel. Ihe addition required 15 min. Stirring was 
continued while the reaction was allowed to warm to 
room temperature and then was heated to reflux. The 
disappearance of dichloride was monitored by ge (10! x 
1/8" 10% SF-96 on Chromosorb W, 120°), while stirring 
etusretlucwewas COnvinued TOR iZO hr. 

After completion of the reaction, the solution 
was cooled to 0°, and the precipitate (hydrazine hydro- 
chloride) was filtered and washed with several portions 
of ethanol, which were added to the solution. An excess 
OfTesolidgekOR pellets was added to the solution, and it 
was stirred for an hr at room temperature and let stand 
OVEN One ea be—l>o sper Ore ia tering. he tiltrave, with 
the ethanolic washings of the precipitate, was concen- 
trated at atmospheric pressure under a 20 cm Vigreux 
column and then cooled and filtered to remove another 
DOLULOMmOmesolids. 

The remaining ethanol was removed by distillation 
at reduced pressure, beginning at -20° and working the 
pressure downward to 0.2 torr and then allowing the 
temperature to rise to room temperature. The product 
was separated from another batch of solids by addition 


of ether and filtration. The ether was removed by 


Bo 


distillation at reduced pressure, and the product was 
Gieemredrat 0.0) corm, batn temperacure 7O°= wo 2.9/7 em 
(31%); nmr, see Table III. No analysis was obtained, 
Since pyrazolidines are known to give unreliable ana- 
vyeeomtt)r. 

The residue consisted of a series of compounds 
much more slowly eluted on the ge (10' x 1/8" 10% 
SF-96 on Chromosorb W). 

3-(5'-Hexenyl)-l-pyrazoline G2oIe The oxidation 
of peter oni te with HgO in ether, according to the 
method of Mishra (1), was used for the preparation 
of thetl=pyrazolines. A suspension of HeO (3°70 gm, 
1Z4c-mmobes ) *and NaSO) (50 em) in GO ml ether was stirred 
Mee 2 ee a asker mmorecd alan ice. bathe A ‘solution 
of 3-(5'-hexenyl)pyrazolidine (1.63 gm, 10.6 mmoles) 
in < ml ether was added to the flask, and the flask 
was wrapped in aluminum foil to keep light out. The 
temperature was allowed to rise to room temperature, 
and stirring was continued while the progress of the 
reaction was followed by gc (5' x 1/8" 3% SE-30 on 
VarapomwewmlOOC} eo tter eer asturther portion of 
HgO (1.0 gm, 4.6 mmoles) was added, along with 2 ml 
euierVe@ibee acceleraved the meaction, so a further 


Venue crenecm (Oe eam, 2.3 mmoles) was. added after hk 


More hmpwendmeviesresctui1On was Ss virred for a further 2 
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hr, until the hydrazo compound was completely oxidized. 
The solution was decanted from the flask, and ether 
washings of the solids were added to the solution. 

The ether was distilled through a 15 cm Vigreux 
column, the last portion at reduced pressure and 
temperature. The product was distilled by trap-to- 
trap transfer (bath temperature 60-90°, pressure 0.10 
torn) leaving a brown residue. The product (400 mg) 
was about 85% pure according to gc analysis (5' x 1/8" 
3% SE-30 on Varaport, 80°), with one major, more 
rapidly eluted impurity. The pyrazoline was purified 
Byiuncvegative, ec .(5' 23/8" UCON 50) LB 550X on 
Binereps we OOS)ss nmr asec Table tills mass specurum, 
see) Figure, 63-exact mass 152.1311, calculated for 
CoH 6N>, 152.13134; ir, 3075 om? (olefinic C—H), 
1635 emt (olefinic C=C), 1545 cm) (N=N), 990 and 
905 em7+ GuinyL J enOmcpscoroLion above 300 om7t, that 


rei alloy Nini 


(C) Syntheses of Authentic Samples 


6-Cyclopropyl-l-hexene TIEN The cuprous chloride- 
catalyzed reaction of diazomethane with 1,7-octadiene 
was used to prepare this compound. The procedure was 
Chae c tmeeCO CK Mm 2./.)c6 


The diazomethane generator was a 250 ml three 


ey) 


neck flask equipped with a magnetic stirring-bar, an 
inlet tube carrying a stream of nitrogen and an outlet 
tube leading through a potassium hydroxide-soda lime 
drying tube to an inlet tube running to the bottom of 
the reactor flask. Into the generator was poured 15 
ml of, a 50% aqueous KOH solution:-and 100 ml of ether. 
THCemLxX tur Cewasums blrned inean tice bath anvihe teeactor 
flask was a 50 ml three neck flask with a condenser, 

a magnetic stirring-bar and the above-mentioned inlet 
tube. yAl-solution of 3::em 1,/-octadiene in 20 ml. ether 
and 400 mg cuprous chloride was added and was stirred 
in.an -Lce \bath. 

The nitrogen stream was adjusted to a flow of 60 
ml/min, and 2 gm portions of N-nitroso-N-methyl urea 
were spooned into the generator at intervals so that a 
steady stream of diazomethane at low concentration was 
carried, into the reactor flask. The progress of the 
reaction was monitored by gc (10' x 1/8" 10% SF-96 
on Chromosorb W) and the reaction was stopped at 25% 
completion. 

The ethereal solution was filtered and concen- 
trated on a spinning band column. Preparative gc 
(6' x 1/4" SF-96 column) was used for isolation of a 
sample of pure 6-cyclopropyl-l-hexene, which was iden- 


tified by nmr and mass spectral analyses; nmr, see 
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Teavewm Ee inassuspect rum, isee figure </. 


trans- (42) and cis-Perhydroindane (4:3 ).+© Indane 


~—_Z 


was reduced ‘catalytically at high temperature and pres- 
sure with Raney nickel. The product was equilibrated 
in a sealed tube with palladium on carbon to give a 
mixture of trans- and cis-perhydroindanes, according 
to the procedure of Allinger (28). Identification of 
the isomers was based on the published relative reten- 
Grompuumes, (28) Mand@onsnass. spectral ianalysism(29)!. 
Indane (9.8 gm) was dissolved in ethanol (170 
mi )\fand=placedmiararisO mls bomb with (spot freshly 
prepared W-2 Raney nickel. The bomb was pressurized 
with 110 atmospheres H, andiwasmcecked ort ythrtat 
160°. After the bomb was cooled and opened, the 
ethanolic solution was filtered and concentrated by 
distiilationethrouvah.a Spinning band apparatus. The 
producw was squickly “distilWMlcda, Analysis fon *fourtsc 
columns (10' x 1/8" 15% tris-6-Cyanoethoxypropane on 
60-80 mesh Chromosorb P, 10! x 1/8" 6,8'-Oxidipro- 
pionitrile on Chromosorb W, 10' x 1/8" 10% SF-96 on 
60-80 mesh Chromosorb W, and 12' x 1/8" 10% Squalane 
on Chromosorb P) showed almost exclusive formation of 
one product. On each column there was a very small 
peak which was eluted before the main product. The 


published retention times (28) on a tris-@-Cyanoethoxy- 


on 


propane column are 19 min for 42 and Zommant hor LB 5 
this makes it likely that the major product was 43. 
Aneni@ Sspectrumpoteansportion of tthesms jor yproduct 
isolated by preparative gc (#,8'-Oxidipropionitrile) 
showed no aromatic or olefinic absorption. 

A 0.5 ml portion of the material was heated ina 
sealed tube (7 mm i.d. x 200 mm) with 200 mg 5% pal- 
MIGhumeOnecerpon au 2oo—2oo met or 120.hr cooled quickly, 
and opened. Ether was added, the solid was removed by 
filtration, and the ethereal solution was analyzed by 
gc (8,8'-Oxidipropionitrile and tris-f-Cyanoethoxypro- 
pane). This showed 43 to be the major compound present, 
with a greatly increased proportion of the more rapidly 
eluted compound (4.2) as well as a third major peak, 
tismakilen amount; which, based! on the wetention itime , 
appeared to be hak aS. 

The identities of 42 and h3 and of indane were 


confirmed by their mass spectra (29); see Figure 7. 
(D) Thermal Decomposition of 3-(5'-hexenyl)-l-pyrazoline 


Phiegpyrolvsis ystudveswwere tcanrvedi out min a dearces 
well-insulated, covered oil bath. The temperature was 
controlled by a Melabs Proportional Temperature Control- 
leneemode ls CLC-1A , Used ing conjunction.wi thyan auxiliary 


immersion heater. The temperature was measured with a 
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Hewlett-Packard 2801A (NBS) quartz thermometer and 
checked against a four-junction iron-constantan thermo- 
couple using a reference ice bath, which was read with 
a Rubicon Instruments Model 2713 potentiometer. The 
bath temperature was maintained within + 0.02°. 

Pyrolysis tubes were constructed of Pyrex glass, 
as shown in Figure 5. The volume was approximately 
ale. 

A mixture of authentic samples of the expected 
products, Al, he and 43, was prepared and analyzed. 
Relative retention times were determined on two differ- 
enumana byudcaleeco Lumuicm (50 lex Or OL ok -30 "and 50) >x 
0.01" £,8'-Oxidipropionitrile). Results are shown in 
Tables IV and V, respectively. An analysis of the pro- 
portion of each compound in the mixture was carried 
Outson the SH-30 column as shown in Table VI. This 
analysis was not carried out on the £,4'-Oxidipropio- 
nitrile column because hd and he were not completely 
resolved. 

A sample of the pyrazoline (29) (10 41, approxi- 
mately 50 zmoles) was injected by syringe into the pyro- 
iysis lube; the Cupe waseconnected to the vacuum line 
by a length of polyethylene tubing and immersed in 
liquid nitrogen. The tube was evacuated and then thawed 


aiter the vacuum stopcock was closed. The sample was 


50 mm 
> <— 6 mm Gyysle 


120 mm 


> <1) mm o.d. 


50 mm 


ay <S& mm o.d. 
im 


ie >|j/<— 1 mm i.d. 


Figure 5 


Diagram of a Pyrex pyrolysis tube 
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worked into the capillary section by vapor transfer, 
frozen, and degassed. After being sealed, the tube 
was fused to a length of glass rod, by which it was 
immersed into the thermostated oil bath. 

The sample was pyrolyzed 30.0 min at a bath tem- 
Beracuregor 200.529 £.0,02° 9 and wassthen cooled to 
room temperature and frozen in liquid nitrogen.” A 
hot-air blower was used briefly to evaporate the liquid 
and -e0 Utransier it to the capulflary section. “The tube 
was then broken near the top of the 8 mm section and 
was closed with a serum cap and stored at O° while 
analyses were carried out. 

The product mixture was analyzed for the presence 
of Al, he and 4h in the same manner that the authentic 
sample mixture was analyzed. The results, showing 
relative retention time and proportion of each product 
On ota30 and on 6,6"-Ox1di propionitrite are Shown on 


ables Vbieenmea VilL, respectively. 
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7,,9-Dichloro-l-nonene (39): molecular ion triplet 
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Figure 6 
Mass spectra of some compounds 


in the synthetic scheme 
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Figure? 7 
Mass spectra of the compounds 


in the authentic sample mixture 
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RESULTS 


(A)MsSynthetic Study 


The synthesis of pyrazoline 2g started from tetra- 
hyvdrorurtury) alconol, which was converted to the 
chloride 30 by reaction with thionyl chioride. in pyri- 
dine. Treatment of 30 with sodium in ether converted 


1 to tae. alcohol eee 


OH Gil 
DOG , Na 
0 pyridine” Se Re 


30 . 31 


C7 PJ 


freatment of 31 with thionyl chloride in pyridine 
converted it to the chloropentene 32, which was con- 
densed with diethyl sodiomalonate in ethanol to form 


the metonacve derivative 333 


S0C1» N&CH( COOEt) 5 COOEt 
aa ee — > 
SS OH pyridine”. Cl BtOH \ 
COOEt 
ou 3% 33 


The diester 33 was saponified by treatment with 
sodium hydroxide in 90% aqueous ethanol to yield the 
diacid. Decarboxylation gave heptenoic acid (34) which 


was treated with thionyl chloride to form the acyl 


50 


chloride cer 


COOH OC1 
eee et / 
HoO0-EtOH SOClo 
eee ao 2 
33 3h BY) 


The acyl chloride was condensed with the magnesio 
derivative of ethyl acetoacetate in ether to give 20. 
Cleavage of the acetyl group by treatment with sodium 


methoxide in methanol gave the f-ketoester 37. 


Cl ; 
Me 
(AcCHCOOEt) Me“7/2, Met /2 NaOMe_, 
HS Tren O Q 
BS) 36 Bel, 


Reduction of 37 by reaction with lithium aluminum 
hydride in tetrahydrofuran produced 7,9-dihydroxy-l- 
nonene (38). The mass spectrum showed the molecular 
jon at m/e 156, which is correct for CoH 305: The 


nuclear magnetic resonance (nmr) spectrum* showed the 


* The nmr data are assembled in Table III. 


Da 


two hydroxylic protons, the three vinyl protons and the 
CWOssety Eemoravons. Lhe three protons on Cr and Co 
appeared as a triplet centered at 76.2, and the remain- 
ing eight protons were represented as a complex absorp- 
tion in the methylene region. 

Diol 3&6 was converted to 7,9-dichloro-1l-nonene (39) 


bymueacuPonewitn triply] phospnine in Carponstetracnioride. 


pune oli 
a, 


r~ co~o 


Boi 38 2) 


ihe mass spectrum: of, ay snowed the molecular aon triplet 
with peaks at 194, 196, and 198 of relative intensity 
9:6:1, as expected for the empirical formula CoH 6015 
The nmr spectrum again showed the three vinyl protons. 
The allyl protons overlapped the Cg methylene, appearing 
between 77.7 and 8.1. The C, proton appeared as a multip- 
let at 5.9, and the Cg methylene as a triplet at 6.3. 
The remaining six protons showed a complex absorption in 
the methylene region. 

The pyrazolidine 40 was produced by treatment of oy 
with hydrazine in ethanol. The nmr spectrum showed the 


Vinyl provuons in the Same position, the allyl protons at 


De 


Te soogethe Cr, PROvON FaveON/aUne Cy methylene at 6.2, 
the Cg methylene at 7.9 and a complex absorption for 
the remaining six protons centered at 8.4 

Oxidation of LO by mercuric oxide in ether yielded 


the pyrazoline 29. High resolution mass spectrometry 


H>N—NH HgO, Na,SO, 

Cr EtOH HN—NH ether — 
39 LO 29 
r~_a r~ rw 


Showed the exact mass as 152.1311, which agreed with 
the calculated value 152.1313) for Coli eNoe In the 
nepyspectrumetheavinyl andzallyl, protons#areyyvisible; 
the C, and re protons appear as a multiplet between 
Toeceandson/, and the remarningeel ent sprotonss=appear as 
a complex absorption in the methylene region. The in- 
frared shows azo absorption (1545 om7t) , with no absorp- 
tion above 3100 em7t, i.e. no N—H. The terminal vinyl 


group is confirmed by absorption at 990 and 905 em7+ 


a 


and .by olefinic (C=C) absorption at 1635 cm™- and ole- 


fen UCho— Hea DeOrpULOladue O75 em71, 
Authentic samples of the anticipated major pro- 
ducts from the thermal decomposition of “9 were pre- 


pared. The cuprous chloride-catalyzed reaction of 


3 


diazomethane with 1,7-octadiene was employed to prepare 
a sample of 6-cyclopropyl-l-hexene (41). The identi- 

Puce td OeO, soseDiicat ved sample waseveriiied  iby.pnmr .spec— 
Geoscopy. The usual vinyl absorption appeared, as well 


as the allyl methylene at 77.95 and the five cyclopro- 


CH, N,-Cudl 


ether 


41 
Dy eprocons, three at 49.5 and stwo at 10.0.._.The remain- 
ing six protons appeared as the familiar complex absorp- 
tion in the methylene region of the spectrum. 

Reduction of indane in ethanol by W-2 Raney nickel 
at high temperature and high pressure produced a sample 
of perhydroindane. The cis-isomer was almost the exclu- 
Sive product. Complete saturation was confirmed by nmr 
spectroscopy of a purified sample, which showed only 


alkyl absorption. This was heated with palladium on 


carbon to give an equilibrated mixture of trans-perhydro- 


W-2 Raney nickel 5%, Pa/c 
= . Seis 
ec hano Se toe™ 2900. +~Ekans- + cis 
PLOe ati i> 


ak 


indane (42) and cis-perhydroindane (4.3 ) along with some 
indane, all of which were identified by comparison of 
their mass spectra (Figure 7) with the published spec- 
Gra (29% 


(B) Trapping Experiment 


in preparation for the decomposition study. of 29, 
a mixture of authentic samples of the expected products 
from direct closure of the diradical intermediate to a 
cyclopropane derivative and trapping of the intermediate 
by the olefinic bond (Scheme III) was analyzed on two 


different analytical gc columns. 


( aes 
=) po 
A 28 


he i) 
Scheme III te oud 


Tables IV and V show the relative retention times 
of kl, 4é and 43, deCermanecdmOnea I oONe ce. OL rt) 
cOlumnivemomonea 150" x 0501" 6, 8'-Oxidipropionitrile 
column, respectively. Table VI shows an analysis of 


the mixture for relative amounts of the components, and 


oe: 


the precision that was obtained in the analysis. 

The pyrazoline was not readily eluted through 
either column. 

A 10 wl (approximately 50 wmole) sample of 29 in 
epscalecetubermwas pyrolyzed for 30 min at 200.5° | ant 
tial pressure about 100 torr. -The time was judged to 
be between one and two half-lives [ ror 3-methyl-l-pyra- 


zoline, t =m eLepamin at 203, 1° (ay : 


Wye 

The eth was cooled rapidly and was held at O° 
while analyses were carried out. Tables VII and VIII 
show the results of analyses on SE-30 and on £,8'-Oxidi- 
propionitrile columns, respectively. Comparison of 
Table VIII with Table V shows nothing in the sample 
which matches the retention time of cis-perhydroindane 
and only a minor peak (0.02%) corresponding to trans- 
perhydroindane. Comparison of Tables VII and IV shows 
that the sample contained nothing corresponding to 


either trans- or cis-perhydroindane, within the limit 


Obaebecti1 on. 
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TablemViE 


Analysis of the thermolysis products 


from 3-(5'-hexenyl)-l-pyrazoline (29) on SE-30 


Column: 150' x 0.01" SE-30; helium pressure, 20#/in®; 


temperature 60° 


Mean Revagie Mean Standard 
Pain ieee ea awe Deviation 
Daves Omn56 0.01 
Si dl at Ceey) ORG Z 
8.82 Ones CoD 0.024 
vice 0.88 0.04 0.006 
ceed 0.89 OL OeOZ20 
Sige 0.93 eee: 0185 
bO.63 1.000 91 Ak OR as 


1a OG TO 4.0L QO.401 


Column: 


Bi 


TanverVv ITT 


Analysis of the thermolysis products 
from 3-(5'-hexenyl)-l-pyrazoline (29) 


on 6 iP '-~Oxidipropionitrile 


LESIONS Sek @L CO MeL 8,B'-Oxidipropionitrile; helium 


pressure 20#/iné, temperature 40° 


Mean Relative Proportion 
Meee). coetennees (6) 
Dien 0.40 0.02 
Dor Oe) OnOL 
6.46 6-7/8) 0.0% 
(ete On 79 3.40 
(Paks 0.84 Geek 
8.2h 0.89 Ie 2 
9.26 1.000 8 lk 


9.61 1b 1G) O07 
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CONCLUSIONS 


ihewanalysis of the products=trom the thermal 
decomposition of 3-(5'-hexenyl)-l-pyrazoline (29) 
shows that no perhydroindane was produced within the 
limit of detection. At the same time, the analysis 
gives a reliable result for one component which is 
resco ne, emounl Oo: Onespart in =l0,000. vihus it 
may be concluded that the rate constant ky for closure 
of the intermediate to a cyclopropane is greater by at 
least four orders of magnitude than the rate constant 
k, for the trapping reaction (Scheme III). 

If we.take the rates ky /k,, as 10", we can calcu- 


late the minimum difference in free energy for the two 


Lea cuLons. 
AaAct = RT ln k,/k, R= 1.987 kcal moles deg 
eal Sela 
ae: 
ky /ko 2 1 


AACT = (1.987)(473.7)(2.303)(4) kcal mole7+ 
= 8.6 kcal mole7- 


Benson (30) has suggested that the trimethylene 
intermediate in the isomerization of cyclopropane to 
propylene lies in an energy well of approximately 7.3 


keal mole. If the intermediate from decomposition of 


oh’ 


a) 


29 is a similar species in a well of similar depth, 
then the free energy barrier for the trapping reaction 
MUS C Dead >. 2) keal mole7* or greater. 

We must conclude that if the intermediate is the 


proposed trimethylene species, then a more effective 


Scnencwasarconumredsto trap it. 
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